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   EVALUATION OF ANTIBACTERIAL AND 
ANTIOXIDANT POTENTIAL OF Euphorbia 
cotinifolia LINN. LEAF EXTRACTS 
Abstract 
Antibacterial activity of aqueous and solvent extracts of Euphorbia cotinifolia 
leaves was tested against some human pathogenic bacteria, viz. Escherichia 
coli, Klebsiella pneumoniae, Bacillus subtilis, Bacillus cereus, Salmonella 
typhi, Enterobacter aerogenes and Staphylococcus aureus by agar cup diffu-
sion and broth microdilution methods. Antioxidant properties were evaluated 
for different solvent extracts by di(phenyl)-(2,4,6-trinitrophenyl)iminoazanium 
(DPPH), nitric oxide (NO) and hydrogen peroxide methods and IC50 values 
were calculated and compared with the standard ascorbic acid and butylated 
hydroxyanisole. Among the aqueous and organic solvent extracts, methanol 
and ethyl acetate showed significant activity against B. subtilis and E. aero-
genes, which recorded a maximum inhibition zone of 17.25 mm. Minimum 
inhibitory concentrations of methanol and ethyl acetate extracts for different 
bacteria ranged from 0.3–1.25 mg/mL. In DPPH method, IC50 values of chloro-
form, petroleum ether, ethyl acetate and methanol were found to be 15, 17, 18 
and 19 mg/mL, respectively, lesser than the standard, ascorbic acid (25 
mg/mL). Phytochemical analysis of aqueous, ethyl acetate and methanol 
extract showed the presence of flavonoids, terpenoids, tannins and steroids. 
Further work is in progress to isolate the active compound(s). 
Keywords: Euphorbia cotinifolia, antibacterial activity, antioxidant activity, 
flavonoids, steroids.. 
 
 
Infectious diseases are major causes of mor-
bidity and mortality in the developing world and 
account for about 50% of all deaths. Besides inci-
dents of epidemics, death due to drug resistant micro-
organisms poses enormous public health concerns 
[1]. Conventional antibiotics are useful medicines that 
are highly potent and save lives, but they cause more 
harmful effects than useful ones [2]. Bacterial resis-
tance to antibiotics increases mortality, likelihood of 
hospitalization and length of stay in the hospital [3]. In 
developing countries, due to poor sanitation, igno-
rance and bad hygienic practices, a large number of 
people are exposed to infectious agents. Pathogenic 
bacteria like Escherichia coli, Salmonella typhi, Pro-
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teus spp., Shigella spp., Pseudomonas aeruginosa 
and Staphylococcus aureus,  which are usually pre-
sent as commensals, have several virulent factors 
and colonize in a biofilm fashion causing a variety of 
intestinal and extra intestinal diseases [4]. Thus, there 
is a need to search for some newer, safer, effective 
and above all inexpensive antimicrobial agents to 
tackle these problems. 
Higher plants have the capacity to produce a 
large number of phytochemicals with complex struc-
tural diversity known as secondary metabolites, which 
are produced for self-defense [5]. Over the last 30 
years, a large number of secondary metabolites from 
various plant species have been evaluated for anti-
microbial activity. Since these secondary metabolites 
from natural resources have been elaborated within 
living systems, they are often perceived as showing 
more drug likeness and biological friendliness than 
totally synthetic molecules, making them good can-
didates for further drug development. The success 
story of modern medicine lies in the continuous B. JAYALAKSHMI et al.: EVALUATION OF ANTIBACTERIAL…  Chem. Ind. Chem. Eng. Q. 20 (1) 19−28 (2014) 
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search for new drugs to counter the challenges posed 
by resistant strains of bacteria. There are several 
reports in the scientific literature describing the anti-
microbial properties of crude extracts prepared from 
plants [6-8]. 
Lipid oxidations are one of the important pro-
cesses that produce free radicals in food, chemicals 
and also in living systems. These are involved in food 
spoilage and chemical degradation, which contribute 
to several diseases in humans [9]. Antioxidants play 
an important role in scavenging free radicals and/or 
chain breaking of the oxidation reactions. The inhi-
bition of oxidative reactions in food, pharmaceutical 
and prevention of oxidative stress related diseases in 
humans are some of the potential functions of anti-
oxidants [10]. Chemically synthesized compounds 
such as butylated hydroxyanisole (BHA) and butyl-
ated hydroxytoluene (BHT) are used as antioxidants, 
but the use of BHA and BHT has proven to be car-
cinogenic [11]. Hence, naturally produced antioxi-
dants are preferred as they are capable of inhibiting 
free radical reactions, retarding oxidative rancidity of 
lipids, protecting the human body from diseases and 
preserving food from spoilage [12]. 
Euphorbia cotinifolia L. is a plant belonging to 
the family Euphorbiaceae. The family comprises of 
300 genera and 5000 species distributed in tropical 
countries [13]. Several Euphorbia species have been 
subjected to various biological activities by several 
researchers [14-18]. E. cotinifolia is a perennial shrub 
with woody stem. It has delicate oval shaped leaves, 
with milky sap and small insignificant flowers. Older 
leaves are dark burgundy, while new foliage has a 
brighter red tone. Loose flower clusters have small 
white to pale yellow bracts during spring season [19].  
Antibacterial activity of E. cotinifolia has been 
evaluated by Rojas and co-workers [20]. In their 
report, dried leaves of E. cotinifolia were extracted 
with isopropyl alcohol and fractionated by column 
chromatography. None of the fractions eluted from 
the column separation of E. cotinifolia extract showed 
antibacterial activity against S. aureus, Enterococcus 
faecalis, E. coli, Klebsiella pneumoniae and P. 
aeruginosa. The present investigation reports soxhlet 
based extraction successively from low polar to high 
polar solvents. These extracts have been subjected to 
antibacterial activity against E.coli, K. pneumoniae, B. 
subtilis, B. cereus, S. typhi, Enterobacter aerogenes 
and S. aureus. Antioxidant activity of the extracts has 
also been evaluated.  
MATERIALS AND METHODS 
Plant material 
Healthy leaves of Euphorbia cotinifolia were col-
lected in 2010 from Mysore, Karnataka, India, and 
used for the preparation of aqueous and different 
solvent extracts. A voucher specimen of the plant has 
been deposited in the Herbarium, Department of 
Studies in Botany, University of Mysore, Mysore, 
Karnataka State, India (voucher/specimen number is 
MGBH01). A group of Taxonomists in the Department 
of Studies in Botany, University of Mysore, India, 
have identified the plant.  
Test pathogens 
Authentic cultures of human pathogenic bacteria 
viz.,  Escherichia coli (MTCC 7410), Klebsiella 
pneumoniae  (MTCC 7407), Bacillus subtilis (MTCC 
121), Bacillus cereus (MTCC 1272), Salmonella typhi 
(MTCC 733), Enterobacter aerogenes (MTCC 7325) 
and Staphylococcus aureus (MTCC 7443) which 
served as test bacteria were obtained from Microbial 
Type Culture Collection, Chandigarh, India.  
Preparation of extract 
Aqueous extract 
Samples (50 g) of thoroughly washed fresh 
leaves of E. cotinifolia were macerated with 50 mL 
sterile distilled water in a blender (Warning Inter-
national, New Hartford, CT, USA) for 10 min. The 
macerate was first filtered through double layered 
cloth and then centrifuged at 4000 rpm for 30 min. 
The supernatant was filtered through Whatman No. 1 
filter paper and sterilized at 120 °C for 10 min. The 
extract was cooled to room temperature and pH was 
recorded just before subjecting it (1:1) to antibacterial 
activity assay.  
Solvent extract  
Thoroughly washed mature leaves were shade 
dried and then powdered in a blender. 50 g of the 
powder was filled in the thimble and extracted suc-
cessively with petroleum ether, chloroform, ethyl ace-
tate and methanol using a soxhlet extractor for 48 h. 
All the extracts were concentrated using rotary flash 
evaporator and preserved at 5 °C in an airtight bottle 
until further use. All the extracts were tested for their 
antibacterial potential. 
Phytochemical analysis 
Phytochemical analysis of petroleum ether, 
chloroform, ethyl acetate, methanol and water extract 
was carried out for the detection of active secondary 
metabolite or different constituents such as tannins, B. JAYALAKSHMI et al.: EVALUATION OF ANTIBACTERIAL…  Chem. Ind. Chem. Eng. Q. 20 (1) 19−28 (2014) 
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alkaloids, flavonoids, terpenoids, steroids, carbohyd-
rates, proteins and saponins. The dried extracts were 
reconstituted in methanol and 1 mL of each extract 
was subjected to standard phytochemical analysis 
according to the procedure described [21]. The phyto-
chemical tests are given briefly in the following para-
graphs. 
Test for alkaloids 
Mayers test. The test extract was treated with 
Mayers reagent (potassium mercuric iodide solution). 
Formation of cream precipitate indicates the presence 
of alkaloids. 
Dragendroff’s test. The extract was treated with 
Dragendroff reagent (potassium bismuth iodide solu-
tion); formation of orange brown precipitate indicates 
the presence of alkaloids 
Test for phenols 
Ferric chloride test. The extract was treated with 
ferric chloride; formation of green precipitate indicates 
the presence of phenols. 
Test for flavonoids 
Shinoda test. The extract was warmed with 
magnesium turnings with three drops of conc. hydro-
chloric acid, an orange pink coloration indicate the 
presence of flavonoids. 
Test for terpenoids 
Dinitrophenyl hydrazine test. The extract was 
treated with 0.5% (2,4-dinitrophenyl)hydrazine solu-
tion to give yellow-orange coloration indicating the 
presence of terpenoids. 
Test for tannins 
Ferric chloride test. The extract treated with 
ferric chloride, formation of bluish black colored pre-
cipitate indicates the presence of tannins.  
Gelatin test. The extract was treated with 1% 
gelatin in sodium chloride solution; formation of white 
precipitate indicates the presence of tannin. 
Test for steroids 
Liebermann-Burchard test. The extract was 
treated with 0.5 mL each of the acetic anhydride and 
chloroform and cooled well in ice. A volume of 1 mL 
conc. sulfuric acid was added to the sides of the test 
tube carefully, which produces reddish violet color-
ation at the junction indicates the presence of ste-
roids. 
Salkowski test. The extract was treated with 
chloroform, shaken well and kept aside for three 
minutes. Few drops of conc. sulfuric acid were added 
carefully through the sides of the test tube. Red color 
at the junction indicates the presence of steroids. 
Test for glycosides 
Legal’s test. the extract was treated with sodium 
nitroprusside in pyridine and methanolic alkali. The 
formation of pink color indicates the presence of 
glycosides. 
Test for carbohydrates 
Molisch’s test. The extract was treated with 
Molisch reagent (α-naphthol in 95% ethanol) and few 
drops of conc. sulfuric acid were added at the sides of 
the test tube; violet ring at the junction indicates the 
presence of carbohydrates. 
Fehling’s test. The extract was treated with Feh-
ling’s reagent and the mixture was heated to give the 
brick-red color; precipitate indicates the presence of 
carbohydrates. 
Test for proteins 
Millons test. Extract was treated with Millons 
reagent, which yields red coloration. 
Biuret test. Extract was treated with sodium hyd-
roxide and copper sulfate solution added drop wise, 
which yields violet coloration. 
Test for saponins 
Froth test. The extract was dissolved in 5 mL of 
distilled water in a test tube and shaken vigorously 
and then allowed to stand for 15 min. The appearance 
of frothing persists indicates the presence of sapo-
nins. 
Antibacterial activity assay 
Antibacterial activities of aqueous and solvent 
extracts were determined by agar cup diffusion 
method [22]. A 7 mm cork borer was used for making 
wells on nutrient agar medium and inocula containing 
10
6  CFU/mL of bacteria were spread on the solid 
media with a sterile swab moistened with the bacterial 
suspension. The dried solvent extracts were recon-
stituted in methanol to a concentration of 100 mg/mL.  
Aqueous and solvent extracts of 100 µL were 
placed in the well made in the inoculated plates. 
Sterilized distilled water and methanol of same quan-
tity were placed in the cups separately, which served 
as the control. Streptomycin (streptomycin sulfate IP; 
1 mg/mL) served as the standard drug. The plates 
were incubated for 24 h at 37 °C and zones of inhi-
bition were measured. For each treatment 3 repli-
cates were maintained and all assays were repeated. 
Determination of minimum inhibitory concentration (MIC) 
MIC was determined in 96 well sterile flat bottom 
micro-titer plates based on a micro dilution assay, 
which is an automated turbidometric and colorimetric 
method as described by [23,24]. Inoculum of the test B. JAYALAKSHMI et al.: EVALUATION OF ANTIBACTERIAL…  Chem. Ind. Chem. Eng. Q. 20 (1) 19−28 (2014) 
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bacteria was prepared from 24 h culture of the bac-
teria and a suspension were made in sterile/saline 
water and adjusted to 0.5 McFarland standard solu-
tion turbidity. 
The crude extracts of methanol and ethyl ace-
tate were diluted to the concentration of 100 mg/mL, 
which served as the stock solution. The 96 well plates 
were prepared by dispensing 200 µL of broth and 100 
µL of the extract to the first well. A two-fold serial 
dilution was made and the final concentrations were 
5–0.019 mg/mL. The inoculum suspension of 10 µL of 
each bacterial strain was added to each well. 
The wells containing nutrient broth with ino-
culum and solvent served as negative control. The 
plates were incubated at 37 °C for 24 h and turbidity 
was measured at 620 nm using a microplate reader 
(LT4000, LABTECH Instruments, UK). The lowest 
concentration that inhibited visible growth was 
recorded as the MIC based on the readings. 
The MIC was also detected by adding 10 µL/well 
of TTC (2,3,5-triphenyl-2H-tetrazolium chloride, Sigma) 
dissolved in water (TTC, 2 mg/mL) and incubated 
under appropriate cultivation conditions for 30 min in 
the dark [25]. Viable organism reduced the dye to pink 
color compound. The lowest concentration at which 
the color change occurred was taken as the MIC 
value. All MIC tests were repeated in triplicate.  
Statistical analysis  
Statistical calculations were carried out using 
one way analysis of variance (ANOVA) and the sig-
nificances of the differences between means were 
calculated using Tukey’s multiple range test at a sig-
nificance level of P < 0.05. 
Antioxidant assay 
Different radical scavenging methods have been 
frequently used to estimate the antioxidant capacity of 
several plants extracts [26]. The present investigation 
reports the antioxidant assay of E. cotinifolia by 
di(phenyl)-(2,4,6-trinitrophenyl)iminoazanium (DPPH), 
nitric oxide (NO) and hydrogen peroxide methods. 
DPPH Radical scavenging assay 
The free radical-scavenging assay of different 
extracts was measured in terms of hydrogen donating 
or radical-scavenging ability using the stable radical 
DPPH described by Blois method [27]. Stock solu-
tions of the extracts (0.001 g mL
-1) were prepared by 
dissolving in dimethyl sulfoxide (DMSO). Different 
concentrations (20, 40, 60, 80 and 100 μg) of test 
solutions were prepared from stock and made up to 2 
mL with methanol. Solution of DPPH (0.1 mmoL) in 
methanol was prepared and 1 ml of this solution was 
added to each of the above test solutions. The mix-
ture was shaken vigorously and incubated for 30 min, 
and the absorbance of each test solution was mea-
sured at 517 nm. All the tests were run by triplicate 
and expressed as the mean ± standard deviation 
(SD). Ascorbic acid (AA) was used as a standard or 
positive control and DMSO was used as a negative 
control. The capability to scavenge the DPPH radical 
was calculated using the following equation: 
DPPH
• scavenging effect (%) =  
−
×
cb
c
 100
AA
A
 (1) 
where Ac is the absorbance of the negative control, 
i.e., without sample, and Ab is the absorbance with 
the extract. 
Hydroxyl radical scavenging assay  
The ability of the compounds to effectively sca-
venge hydrogen peroxide was determined according 
to the reported method [28], where it was compared 
with that of butylated hydroxyanisole (BHA) as the 
standard. The hydroxyl radicals (OH
•) in aqueous 
media was generated through the Fenton system. 
The test solutions of the different extracts were pre-
pared with DMSO (0.001g mL
-1). A volume of 5 ml 
assay mixture contained the following reagents: saf-
ranin (11.4 µmoL), EDTA–Fe(II) (40 µmoL), H2O2 (1.76 
µmoL), the test solution (4, 8, 12, 16 and 20 µL (5 
mg/mL)) and a phosphate buffer (0.067 moL, pH 7.4). 
The assay mixtures were incubated at 37 °C for 30 
min in a water bath and the absorbance was mea-
sured at 520 nm. BHA which suppressed hydroxyl 
radical was used as positive control. All the tests were 
assayed in triplicate and expressed as the mean ± 
standard deviation (SD). The suppression ratio for 
OH
• was calculated by the following equation: 
Suppression ratio (%) = 
−
×
i
0
0  100
AA
A
 (2) 
where A0 is the the absorbance of the control and Ai is 
the absorbance of the test solution.  
Nitric oxide scavenging assay 
Nitric oxide radical scavenging assay was per-
formed according to [29]. The assay was based on 
generation of nitric oxide (NO) from sodium nitro-
prusside (SNP) and it was measured by the Griess 
reagent. At physiological pH, aqueous solution of 
sodium nitroprusside spontaneously generates nitric 
oxide, which interacts with oxygen to produce nitrite 
ions. The generated nitrite ion was quantified by the 
Griess reagent. A volume of 1.5 mL (10 mM) sodium 
nitroprusside in phosphate buffer saline with pH 7.4 
was mixed with various concentrations (20, 40, 60, 80 B. JAYALAKSHMI et al.: EVALUATION OF ANTIBACTERIAL…  Chem. Ind. Chem. Eng. Q. 20 (1) 19−28 (2014) 
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and 100 μg) of 1 mL extract and the mixture was 
incubated at 25 °C for 150 min. After incubation, the 
formed nitric oxide reacts with 1.5 mL Griess reagent 
(1% sulfanilamide, 2% phosphoric acid and 0.1% 
naphthylethylenediamine dihydrochloride). The reac-
tion mixture was allowed 30 min at room temperature. 
The test solution (4 mL) was made up with the phos-
phate buffer (pH 7.4). The absorbance of this solution 
was measured at 546 nm against the appropriate 
blank. All the samples and controls were performed in 
triplicate. IC50 values were determined using the fol-
lowing equation: 
Nitric oxide
· scavenging effect (%) = 
−
×
c
c
t  100
AA
A
 (3) 
where Ac is the absorbance of control and At is the 
absorbance in presence of the sample mixture with 
extract. 
RESULTS 
Phytochemical analysis 
The results of phytochemical analysis of E. coti-
nifolia are given in Table 1. The flavonoids, terpe-
noids, tannins and steroids were present in aqueous, 
methanol and ethyl acetate extracts, whereas alka-
loids, carbohydrates, saponins and proteins were 
absent in aqueous, methanol and ethyl acetate 
extracts. All the constituents namely alkaloids, flavor-
noids, terpenoids, tannins, proteins and saponins were 
absent in petroleum ether and chloroform extracts. 
Steroids and carbohydrates were present in petro-
leum ether and chloroform extracts. 
Antibacterial activity assay 
The results of antibacterial activity of aqueous 
and different solvent extracts of E. cotinifolia against 
the test bacteria are presented in Table 2. Aqueous 
extract did not show activity against any of the test 
bacteria. Among the solvent extracts, ethyl acetate 
and methanol showed significant activity, while neg-
ligible activity was found with chloroform extract. The 
inhibition range was recorded between 12–17 and 10– 
–14 mm for methanol and ethyl acetate extracts, res-
pectively.  K. pneumoniae, B. subtilis and E. aero-
genes  were highly susceptible to methanol extract 
with the maximum inhibition zone of 17 mm. B. 
cereus was the less susceptible to methanol extract. 
Ethyl acetate extract showed a uniform inhibition zone 
in the range of 10–14 mm against all the tested bac-
teria. Petroleum ether extract showed minimum acti-
vity against B. cereus and S. typhi while it has neg-
ligible activity against other bacteria. The inhibition 
zone of crude methanol extract was slightly lesser 
than that of streptomycin, a standard antibiotic. The 
MIC for different test bacteria ranged from 0.312–1.25 
mg/mL for methanol and, ethyl acetate extracts. The 
minimum  MIC concentration was 0.312 mg/mL 
recorded for B. subtilis for both extracts (Table 3).  
Radical scavenging activity  
The free radical scavenging ability of tested 
extracts was evaluated by the change in absorbance 
by reduced DPPH. The ability of extracts to neutralize 
hydroxyl radical was expressed as 50% inhibitory 
concentration,  IC50, in μg/mL. The results of DPPH 
test showed that the chloroform extract of E. cotini-
folia was the most active with an IC50 value of 15 
μg/mL, followed by petroleum ether, ethyl acetate and 
methanol with IC50 values of 17, 18, and 19 μg/mL, 
respectively (Figure 1). These extracts showed higher 
radical scavenging activity compared to standard 
ascorbic acid with IC50 value of 25 μg/mL. All the 
extracts recorded H-donor activity that was concen-
tration dependent. The lower the IC50 values, the 
better was the scavenging ability of the extract. 
Hydroxyl radical scavenging 
The scavenging effect of the tested extracts on 
HO
• is concentration related and the suppression ratio 
increases with the increasing concentration of sample 
Table 1. Phytochemical analysis of aqueous and solvent extracts of Euphorbia cotinifolia (leaf extract); + = present; - = absent 
Active principle  Aqueous  Petroleum ether Chloroform Ethyl  acetate  Methanol 
Alkaloids –  -  -  -  - 
Flavanoids +  -  -  +  + 
Terpenoids +  -  -  +  + 
Tannins +  -  -  +  + 
Steroids +  +  +  +  + 
Glycosides +  +  +  +  + 
Carbohydrates -  +  +  -  - 
Proteins -  -  -  -  - 
Saponins -  -  -  -  - B. JAYALAKSHMI, K.A. RAVEESHA, K.N. AMRUTHESH: EVALUATION OF ANTIBACTERIAL…  CI&CEQ 20 (0) 000−000 (2014) 
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Table 2. Antibacterial activity of different extracts of E. cotinifolia against human pathogenic bacteria (in mm); values are means of four 
independent replicates. Figures followed by different letters in columns differ significantly when subjected to Tukey (P < 0.05);  – means 
no activity 
Bacteria  Aqueous  Petroleum ether  Chloroform  Ethyl acetate  Methanol  Streptomycin 
Bacillus cereus 0.00  -  8.75±0.47
b 11.25±0.47
ab 12.25±0.50
c 21.0±0.40
bc 
Bacillus subtilis 0.00  8.25±0.2
a 8.50±0.28
b 12.75±0.62
a 17.25±0.62
bc 20.75±0.47
bc 
Escherichia.coli 0.00  -  8.50±0.28
b 10.75±0.25
b 13.5±0.64
a 23.75±0.47
a 
Enterobacter aerogenes 0.00  -  10.25±0.2
a 13.0±0.57
a 17.25±0.62
a 21.25±0.62
bc 
Klebsiella pneumoniae 0.00  8.0±0.40
a 8.75±0.25
b 12.75±0.25
a 17.0±0.40
a 19.75±0.62
c 
Salmonella typhi 0.00 -  8.25±0.25
b 11.5±0.28
ab 16.0±0.40
a 22.5±0.28
ab 
Staphylococcus aureus 0.00  -  0.00±0  10.75±0.25
b 15.5±0.28
ab 19.25±0.47
c 
Table 3. MIC of methanol and ethyl acetate extract (mg/mL) of E. cotinifolia against some human pathogenic bacteria 
Bacteria 
Bacillus 
cereus 
Bacillus 
subtilis 
Escherichia
coli 
Enterobacter 
aerogenes 
Klebsiella 
pneumoniae 
Salmonella 
typhi 
Staphylococcus 
aureus 
MIC of methanol  1.25  0.312  1.25  0.625  0.625  0.312  0.312 
MIC  of  ethyl  acetate  1.25  0.312 0.625 0.312 0.625 0.625 0.625 
 
Figure 1. DPPH Radical scavenging capacity of different extracts at different concentrations. 
Each value was the average of triplicates, representing±SD. 
(Figure 2). The IC50 values varied in the following 
order: chloroform <  petroleum ether < methanol < 
< ethyl acetate < BHA, indicating moderate activity of 
the extracts with regard to the synthetic antioxidant 
BHA. 
Nitric oxide radical scavenging 
The toxicity of NO increases greatly when it 
reacts with superoxide radical, forming the highly 
reactive peroxynitrite anion (ONOO
–) [30]. The gene-
rated nitric oxide from sodium nitroprusside reacts 
with oxygen to form nitrite. The extract inhibits nitrite 
formation by directly competing with oxygen in the 
reaction with nitric oxide. In the present study, 
extracts have less potent nitric oxide scavenging acti-
vity compared to that of the standard ascorbic acid 
(Figure 3). E.cotinifolia  extracts caused a moderate 
dose-dependent inhibition of nitric oxide with an IC50 
(Table 4) in the order of chloroform < petroleum ether 
< methanol < ethyl acetate < AA. The IC50 value of the 
extract was slightly less than that of the standard AA. 
DISCUSSION 
Plants are sources of potent biochemicals. 
These are obtained from various parts of the plant 
[31]. Herbal remedies in traditional folk medicine 
provide a still largely unexplored field for the develop-
ment of potentially new drugs for chemotherapy, 
which helps to overcome the growing problem of drug B. JAYALAKSHMI, K.A. RAVEESHA, K.N. AMRUTHESH: EVALUATION OF ANTIBACTERIAL…  CI&CEQ 20 (0) 000−000 (2014) 
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Figure 2. Hydroxyl scavenging activity of different extracts at different concentrations. 
Each value is the average of triplicates, representing±SD. 
 
Figure 3. Nitric oxide radical scavenging of different extracts of E. cotinifolia at different concentrations. 
Each value is the average of triplicates, representing±SD. 
Table 4. Minimum percentage inhibitory concentration of DPPH radical, hydrogen peroxide and nitric oxide radical scavenging by diffe-
rent extracts of E. cotinifolia; SD = standard deviation (average of three replicates); AA = ascorbic acid; BH = butylated hydroxy anisole 
Compound 
(IC50±SD) / µg mL
-1 
DPPH H2O2 Nitroprusside 
Petroleum ether  17±0.23  30±0.03  44±0.64 
Chloroform 15±0.35  33±0.14  47±0.56 
Ethyl acetate  18±0.30  25±0.04  33±0.75 
Methanol 19±0.62  27±0.08  36±0.01 
AA 25±0.34  –  23±0.21 
BHA –  22±0.08  – 
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resistance and avoid the toxicity of the currently 
available antibiotics. Therefore, the present research 
is focused on the above considerations and com-
prises the antibacterial activity and antioxidant assay 
of different solvent extracts of E. cotinifolia. 
Several researchers have shown the antibac-
terial and antioxidant activity of different Euphorbia 
sp. and the reports support the use of these plants in 
traditional medicine for the treatment of various 
diseases [16-18,32]. E. cotinifolia, the test plant, has 
showed molluscidal activity [33], moderate antiviral 
and cytotoxic activity [34]. Antibacterial activity of E. 
cotinifolia has been evaluated by Rojas and co-
workers [20]. In their report, dried leaves of E. coti-
nifolia were extracted with isopropyl alcohol and frac-
tionated by column chromatography. None of the frac-
tions eluted from the column separation of E. coti-
nifolia extract showed antibacterial activity against S. 
aureus, Enterococcus faecalis, E. coli, K. pneumoniae 
and P. aeruginosa. In the present investigation, the 
authors have reported soxhlet based extraction suc-
cessively from low polar to high polar solvents. These 
extracts have been subjected to antibacterial activity 
against E. coli, K. pneumoniae, B. subtilis, B. cereus, 
S. typhi, E. aerogenes and S. aureus. Antioxidant 
activity of the extracts has also been evaluated.  
The evaluated methanol and ethyl acetate 
extracts of leaves of E. cotinifolia revealed significant 
antibacterial activity. The results of antibacterial 
assay obtained by well diffusion method are in agree-
ment with the values of MIC by turbidometric and 
colorimetric micro titer methods (Tables 2 and 3). The 
results of the present work indicate that solvent 
extracts exhibited greater antimicrobial activity 
because the antimicrobial principle was either polar or 
non-polar and they were extracted through success-
ive solvent extraction, which was supported by many 
investigators [35,36]. A maximum inhibition zone of 
17 mm was recorded in methanol extract against K. 
pneumoniae, B. subtilis and E. aerogenes, which was 
slightly less than the standard antibiotic. 
The test bacteria subjected to antibacterial acti-
vity are associated with different types of infections 
such as urinary tract infections, wound infections, 
gastroenteritis and pneumonia [37]. Among all the 
bacteria tested the Gram-positive bacteria were 
slightly more susceptible to the extracts than Gram-
negative bacteria. The high resistance among the 
Gram-negative bacteria could be due to the diffe-
rences in the cell membrane of these bacteria. The 
external membrane of Gram-negative bacteria ren-
ders their surface highly hydrophilic, whereas lipophi-
lic ends of the cell membrane of Gram-positive bac-
teria may facilitate penetration by hydrophobic com-
pounds. 
Many researchers have shown that methanol is 
the most suitable solvent for extracting the secondary 
metabolites from plant materials [38,39]. The signi-
ficant inhibition of these bacteria by methanol extract 
of E. cotinifolia is an indication that there is a possi-
bility of sourcing alternative antibiotic substance from 
this plant for development of new antimicrobial agents. 
Phytochemical analysis of methanol and ethyl 
acetate extracts revealed the presence of flavonoids, 
terpenoids, tannins and steroids, which could be the 
active principle. The plants of Euphorbiaceae contain 
diterpenoids, which have tigliane, ingenane and 
daphnane skeletons. The toxicity of tannins on micro-
organisms operates either by direct action on micro-
bial membrane or by metal ion depletion [40]. Flavo-
noids and phenolic compounds of plants exhibited 
antimicrobial activity inhibiting bacterial growth by 
reacting with DNA and disrupting DNA replication 
[41]. Herbs belonging to Euphorbiaceae were reported 
to have antioxidant principles like phenols, flavonoids 
and terpenoids showing organ protective properties 
[42,43].  
Hydrogen donating ability is an index of primary 
antioxidants. DPPH Radical was used as a substrate 
to evaluate the free radical scavenging activity of E. 
cotinifolia extracts. DPPH Radical contains an odd 
electron, which is responsible for the blue color. 
When DPPH accepts an electron from the extracts, it 
bleaches the blue color; the decrease in absorbance 
was measured spectrophotometrically at 517 nm. The 
different extracts of E. cotinifolia having good sca-
venging activity with IC50 value at lower concentration 
of 17, 15, 18 and 19 µg/mL of petroleum ether, chloro-
form, ethyl acetate and methanol extracts, respec-
tively which is lesser than the IC50 value of standard 
whose  IC50 value is 25 µg/mL. The results indicate 
that the different solvent extracts are more potent 
scavenging agents than the standard ascorbic acid.  
Hydrogen peroxide is a weak oxidizing agent, 
but sometimes can be toxic to the cell membrane, 
generating hydroxyl radical while entering into the 
cell, which is probably due to reactions with iron(II) 
and copper(II) ions, which is toxic to the cell. It can 
inactivate a few enzymes directly, usually by oxidation 
of thiol (–SH) groups. E. cotinifolia extracts have 
shown H2O2 decomposition activity at lower concen-
tration,  i.e., 30, 33, 25 and 27 µg/mL of petroleum 
ether, chloroform, ethyl acetate and methanol extracts, 
respectively which is nearly equal to the IC50 value of 
standard BHA. B. JAYALAKSHMI et al.: EVALUATION OF ANTIBACTERIAL…  Chem. Ind. Chem. Eng. Q. 20 (1) 19−28 (2014) 
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Nitric oxide (NO) is a potent pleiotropic mediator 
of physiological processes such as smooth muscle 
relaxant, neuronal signaling, inhibition of platelet 
aggregation and regulation of cell mediated toxicity. In 
pathological conditions, NO reacts with superoxide 
anion and form potentially cytotoxic molecules. All the 
extracts showed moderate activity by decreasing the 
amount of nitrite which is toxic to the cell. The anti-
oxidant activity was slightly lower than the standards 
used, indicating that the extracts have moderate 
activity. 
The results of the present study suggest that 
tested plant extracts have moderate to potent free 
radical scavenging activity due to the presence of 
phenols and flavonoids in the extracts. The defensive 
effects of natural antioxidants are mainly due to the 
presence of these major groups, vitamins, phenols, 
flavonoids and carotenoids [44,45]. The radical sca-
venging activity of the E. cotinifolia extracts against 
DPPH was very effective while slightly less effective 
against hydroxyl and nitric oxide than the commer-
cially available synthetics like BHA and AA. 
In the present research, the antioxidant potential 
and antibacterial activity of E. cotinifolia against 
human pathogenic bacteria has been evaluated. 
Methanol extracts of E. cotinifolia posses a broad 
spectrum of activity against several pathogenic bac-
teria. Further investigation is necessary for identi-
fication of active compounds of methanol extract, 
which could lead to the discovery of new antimicrobial 
drugs from the test plant. 
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NAUČNI RAD 
   EVALUACIJA ANTIBAKTERIJSKOG I 
ANTIOKSIDATIVNOG POTENCIJALA EKSTRAKTA 
LIŠĆA Euphoria cotinifolia LINN. 
Antibakterijska aktivnost različitih ekstrakata dobijenih iz lišća Euphoria cotinifolia je 
testirana u odnosu na humane patogene bakterije Escherichia coli, Klebsiella pneumonia, 
Bacillus subtilis, Bacillus cereus, Salmonella typhi, Enterobacter aerogenes i 
Staphilococcus aureus pomoću disk-difuzione i mikro-dilucione metode. Antioksidativna 
svojstva ekstrakata su određene pomoću 1,1-difenil-2-pikril-hidrazila (DPPH), azot(II)-
-oksida (NO) i vodonik-peroksida. Dobijene IC50 vrednosti su izračunate i poređene sa 
askorbinskom kiselinom i butilovanim hidroksianizolom kao standardima. Ekstrakti dobijeni 
pomoću metanola i etil-acetata kao rastvarača, pokazuju značajnu aktivnost u odnosu na 
B. subtilis i E. aerogenes sa zonama inhibicije 17,25 mm. Minimalna inhibitorna kon-
centracija pomenutih ekstrakata za različite bakterije kreće se u intervalu 0,3-1,25 mg/ml. 
DPPH metodom je utvrđeno da su IC50 vrednosti za ekstrakte sa hloroformom, petrol-
-etrom, etil-acetatom i metanolom (15, 17, 18 i 19 mg/ml, redom), manje od vrednosti 
dobijene za askorbinsku kiselinu kao standard (25 mg/ml). Fitohemijska analiza vodenog, 
etil-acetatnog i metanolskog ekstrakta je pokazala prisustvo flavonoida, terpenoida, tanina 
i steroida. 
Ključne reči: Euphoria cotinifolia, antibakterijska aktivnost, antioksidativna 
aktivnost, flavonoidi, steroidi. 
 
 